Background & objectives: Our previous study showed that cow ghee relative to soybean oil had a protective effect against carcinogen induced mammary cancer in rats. The objective of this study was to elucidate its biochemical mechanism.
The modulation of cancer by nutritional variables has been a subject of interest and controversy. Dietary fat has received considerable attention as a possible risk factor in the aetiology of breast and colon cancer. The second report by the World Cancer Research Fund and the American Institute for Cancer Research indicates that food and nutrition may affect the status of hormones that can modify breast cancer risk 1 . Both the quantity and quality of dietary fat influence the development of spontaneous as well as chemicallyinduced neoplasm in laboratory animals 2, 3 . Our earlier studies showed that dietary cow ghee (clarified butter oil), compared with soybean oil had a protective effect against the carcinogen induced mammary cancer 4 , and the decreased expressions of cyclins A and D1, Bcl-2 and PKC-α mediate the mechanism of the protective effect of cow ghee 5 . Carcinogenesis is a complex and protracted multistage process that can be initiated due to damage of cellular macromolecule by an endogenous or exogenous agent. It is generally accepted that cancer Indian J Med Res 136, September 2012, pp 460-465 is induced by certain chemical agents that exist in nature as inactive pro-carcinogens, the metabolism of which involves two steps. In the first step, the carcinogens are metabolized to reactive molecules by phase I enzymes. The major reactions in phase I are hydroxylation or epoxide formation catalyzed by class of liver enzymes referred to as cytochrome P450s (CYPs). In phase II, the active molecules are detoxified in liver as well as in the target tissue by their conjugation with glutathione, glucuronic acid, sulphate, acetate or certain amino acids by enzymes like glutathione-S-transferase, quinine reductase, γ-glutamyltranspeptidase or UDPglucuronosyl transferase. Strategies for protecting cells from these initiating events include decreasing metabolic enzymes responsible for generating reactive species through phase I enzymes, and increasing activities of phase II enzymes that deactivate free radicals and electrophiles.
Most of the carcinogens metabolizing enzymes are membrane bound and require a lipid membrane for their activity. Therefore, the oxidative metabolism of carcinogens in the liver endoplasmic reticulum is markedly dependent on the composition of the dietary lipid 6, 7 . The quantity and quality of dietary fat affect the lipid composition and physical characteristics of biological membranes and enzymatic activity of several components of the drug metabolizing enzyme system. These changes in enzymes activities have been associated with alterations in the mutagenicity and carcinogenicity of the pro-carcinogens. Keeping this in view and our earlier report on differential effects of milk fat and soybean oil on chemical induced carcinogenesis, the present study was designed to compare the effect of these two fat/oils on various phase I and phase II carcinogen metabolizing enzymes in rat liver and mammary tissue.
Material & Methods

Chemicals:
Benzoxyresorufin, ethoxyresorufin, methoxyresorufin, pentoxyresorufin, resorufin sodium salt, dicumarol, uridinediphosphoglucuronic acid (UDPGA), γ-glutamyl-p-nitroanilide, glycylglycine and calcium chloride were procured from SigmaAldrich (St. Louis, MO, USA). All other chemicals used in this study were of analytical grade and purchased from local suppliers. . Overall, 35 rats were included, of which five were sacrificed to record 0 day observations. The remaining animals were tabulated in accordance to their body weight and randomly divided in to two groups of 15 each with mean body weight 22 g, and were fed on cow ghee and soybean oil diet, respectively. Five animals from each group were sacrificed at 5, 21 and 44 wk by cervical dislocation, and liver and mammary tissues were collected for enzyme analysis. Body weights were recorded biweekly. Phase I enzymes of carcinogen activation were determined at 0 day and 5 and 44 wk. The phase II activities of carcinogen detoxification were determined at 0 day and 5, 21 and 44 wk.
Animals and diets:
Preparation of liver microsomes:
The liver excised immediately after sacrifice was washed with 0.9 per cent NaCl, and microsomes were prepared by differential centrifugation 9 . A portion of the liver was homogenized in 3 weight volume of ice cold 0.25 M sucrose in 0.01 M potassium phosphate buffer (pH 7.5), and centrifuged (12,000 x g at 4 0 C) for 20 min. The supernatant was mixed with CaCl 2 (8 mM) and centrifuged (27,000 x g at 4 o C) for 15 min. The resultant pellet was washed with equal volume of 0.15 M KCl and re-centrifuged (27,000 x g at 4 o C) for 15 min.
Preparation of tissue homogenates:
For glutathione-Stransferase (GST) activity, the tissue homogenate (10%) prepared in 0.1 M potassium phosphate buffer (pH 7.0) was centrifuged (10,000 x g) for 30 min, and the supernatant was filtered through Whatman filter paper to remove fat. For all other enzyme activities, the tissue homogenates (10%) were prepared in 0.25 M sucrose in potassium phosphate buffer (0.01 M, pH 7.4) and centrifuged (12,000 x g) for 20 min. The microsomal and cytosolic protein content was determined by the method of Lowry et al 10 .
Enzyme assays:
and pentoxyresorufin-O-dealkylase (CYP2B1) activities were assayed according to the procedure described by Burke et al 11 and modified by Teel and Huynh 12 . These reactions have a common final step, the hydroxylation of the fenaxazone ring, which generates hydroxyfenaxazone (resorufin), which was measured at excitation wavelength 550 nm and emission wavelength 585 nm using fluorescence spectrophotometer (Cary1 Eclipse; Varian, California USA). The enzyme activity was expressed as pmoles of resorufin released per min per mg of microsomal protein. The CYP2E1 activity in liver microsomes was measured spectrophotometrically according to the method described by Reinke et al 13 . Glutathione-S-transferase activity was determined in liver and mammary tissue homogenates using 1-chloro-2, 4-divitrobenzene (CDNB) as substrate 14 . UDP-glucuronosyl transferase activity was determined in liver microsomes according to the method of Bock et al 15 modified by Martin and Black 16 using UDP-glucuronic acid and p-nitrophenol as substrates. γ-glutamyltranspeptidase was assayed in liver microsomes and mammary tissue homogenate using method described by Tate and Meister 17 . Quinone reductase activity was assayed according to the method of Ernster 18 in liver and mammary tissue homogenates.
Statistical analysis:
The values were expressed as mean ± SE. Statistical analysis was done through two way analysis of variance (ANOVA), and the comparisons between means were analyzed by Tukey's multiple comparison test using PRISM 3.0 software. P<0.05 was considered significant.
Results
The growth of animals was similar in rats fed cow ghee or soybean oil (Fig.) for 44 wk, and the difference in body weight was not statistically significant. Further, there was no mortality observed in either group.
Cytochrome P450 activities of carcinogen metabolism in liver microsomes (Phase I):
Cytochrome P4501A1 (CYP1A1) activity in liver increased up to 5 wk in both soybean oil and cow ghee fed rats, and the magnitude of increase was greater on soybean oil (60%) than on cow ghee (28%). The level of hepatic CYP1A1 activity in cow ghee group was lower than in soybean oil group by 20.1 and 11.4 per cent at 5 and 44 wk of dietary treatment, respectively (Table I) .
Cytochrome P4501A2 (CYP1A2) activity in liver was not significantly affected in soybean oil fed rats, while it decreased on cow ghee diet by 42.1 per cent 1.07 ± 0.04 1.06 ± 0.05 Values in units (mean ± SE for n=5) with different superscripts are significantly different (P<0.05). The activity of each enzyme was compared among feeding periods (0 day, 5 and 44 wk) as well as between soybean oil and cow ghee groups using two-way analysis of variance * Unit activity is one pmole of product formed/min/mg microsomal proteins; # Unit activity is one nmole of product formed/min/mg microsomal proteins Values in units (mean ± SE for n=5) with different superscripts are significantly different (P<0.05). The activity of each enzyme was compared among feeding periods (0 day, 5 and 44 wk) as well as between soybean oil and cow ghee groups using two-way analysis of variance * One unit of GST (glutathione-S-transferase) and QR (quinone reductase) activity is equal to one nmole of product formed/min/mg cytosolic protein; # One unit of GGTP (γ-glutamyltranspeptidase) and UDPGT (uridinediphosphoglucuronosyl transferase) activity is equal to one nmole of product formed/min/mg microsomal proteins at 5 wk and thereafter did not change significantly in either group. In cow ghee group the magnitude of hepatic CYP1A2 activity was lower than in soybean oil fed rats by 47.5 and 44.2 per cent at 5 and 44 wk of dietary treatment, respectively (Table I) .
Cytochrome P4501B1 (CYP1B1) activity in liver remained unaffected on soybean oil diet throughout the experimental period, while on cow ghee it decreased by 55 and 37 per cent at 5 and 44 wk, respectively. The level of hepatic CYP1B1 activity was lower in cow ghee group than in soybean oil fed rats by 55 and 37 per cent at 5 and 44 wk of dietary treatment, respectively (Table I) . Cytochrome P4502B1 (CYP2B1) activity in liver was not affected on soybean oil diet, while on cow ghee it decreased by 44 per cent at 5 wk. The magnitude of hepatic CYP2B1 activity was lower in cow ghee fed rats than in soybean oil group by 46 and 37 per cent at 5 and 44 wk of dietary treatment, respectively (Table I) .
Cytochrome P4502E1 activity in liver microsomes was not affected by feeding either cow ghee or soybean oil, and no difference was observed between the two dietary treatments throughout the experimental period (Table I) .
Carcinogen detoxification activities in liver and mammary tissues (Phase II):
Glutathione-S-transferase (GST) activity in liver equally increased in soybean oil and cow ghee groups during first 5 wk. Thereafter the rise in hepatic GST activity was not significant in soybean oil group, while in cow ghee group, it increased significantly at 44 wk (Table II) . In mammary tissue the difference in GST activity between two dietary groups was not statistically significant at any stage (Table III) . Values in units (mean ± SE for n=5) with different superscripts are significantly different (P<0.05). The activity of each enzyme was compared among feeding periods (5, 21 and 44 wk) as well as between soybean oil and cow ghee groups using two-way analysis of variance.
*
One unit of GST (glutathione-S-transferase) or QR (quinine reductase) is equal to one nmole of product formed/min/mg cytosolic protein; * One unit of GGTP (γ-glutamyltranspeptidase) is equal to one nmole of product formed/min/mg microsomal proteins
The UDP-glucuronosyl transferase (UDPGT) activity in liver was not significantly affected on soybean oil diet, while on cow ghee diet, it increased by about 75 per cent at 5 wk, and thereafter remained stable. The UDPGT activity in ghee group was 63-69 per cent higher than in soybean oil group during 5 to 44 wk of dietary treatment (Table II) . The γ-glutamyl transpeptidase (GGTP) activity in liver was not affected by dietary treatment with cow ghee, while it decreased significantly (P<0.01) on soybean oil diet. The hepatic GGTP activity in soybean oil fed rats was decreased by 34, 27 and 22 per cent at 5, 21 and 44 wk, respectively, compared to age-matched cow ghee fed rats (Table II) .
In mammary tissue the GGTP activity though increased in both soybean oil and cow ghee fed rats, the magnitude of increase was not statistically significant in soybean oil group. The quinone reductase (QR) activity in liver was not affected up to 21 wk, and increased by 63 per cent at 44 wk in soybean oil group, while in cow ghee group it increased by 59, 127 and 161 per cent at 5, 21 and 44 wk, respectively (Table II) , relative to 0 day value. The QR activity in cow ghee group compared to soybean oil group, increased by 48, 110 and 61 per cent at 5, 21 and 44 wk, respectively (Table II) . The QR activity in mammary tissue increased in cow ghee fed rats by over 50 per cent, compared to age-matched soybean oil fed rats (Table III) .
Discussion
The metabolism of chemical carcinogen involves two steps; in the first step carcinogen is metabolized to a reactive molecule by phase-I enzymes and in the second step, active metabolite gets detoxified by several phase-II enzymes. Thus the relative activity of phase I and phase II enzymes would determine the extent of tumorigenesis. The phase I cytochrome P450 enzymes are membrane bound and their activities are influenced by the lipid environment. Therefore, altering membrane lipid composition by feeding animals on singular source of fat might affect carcinogen metabolism 7 . Diet rich in polyunsaturated fatty acids (fish and sunflower oil) increases the level of microsomal cytochrome P-450 in rat liver as compared to that rich in saturated (partially and highly hydrogenated fish oil) fatty acids 19 . Saito et al 20 also observed low levels of cytochrome P-450 and aminopyrine N-demethylase activity in the lard fed rats as compared to soybean oil fed ones, and suggested that increased proportion of saturated fatty acids in microsomal membrane phospholipids might have altered the membrane conformation and fluidity leading to a low activity of these enzymes.
Cow ghee, which contains a large amount of saturated and monounsaturated fatty acids can modify the degree of unsaturation in lipids and thereby change the physicochemical environment of the microsomal membranes, which may be responsible for the decrease CYP1A1, CYP1A2 and CYP1B1 activities observed in cow ghee fed rats. The diminution of these phase I enzymes might have contributed to decreased incidence of mammary tumours in cow ghee fed rats compared to soybean oil ones 4 . Resveratrol inhibits CYP1A1 activity, and also prevents tumour development in 7,12-dimethylbenz(a) anthracene (DMBA) treated mice 21, 22 . Conjugated linoleic acid (CLA), a well documented anticarcinogenic agent 23 present in dairy products inhibits 2-amino-3-methylimidazo[4,5f]quinoline (IQ) induced colon cancer by decreasing the activity of CYP1A1 and CYP1A2 24 . In an in vitro study CLA (0.5 µM) was reported to inhibit CYP1A1, CYP1A2, and CYP1B1 activities in hamster liver microsome 12 . Cow ghee used in our study contained rich amount of CLA (5.47 mg/g), and a 12-fold increase in CLA content in rat mammary tissue by feeding cow ghee was earlier reported 25 .
The GST activity in liver and mammary tissue did not vary between soybean oil and cow ghee fed rats. The γ-glutamyltranspeptidase (GGTP) play an important role in detoxification of compounds such as carcinogens by formation of their mercapturic acid derivatives 26 . The increased GGTP activity, observed in present study, in liver and mammary tissue of rats on cow ghee compared to soybean oil diet, might be one of the contributing factors for protective effect of cow ghee on tumorigenesis 4 . Feeding rats with cow ghee also increased UDPGT activity in liver, which might have caused increased rate of glucuronidation of DMBA dihydrodiols leading to carcinogen detoxification. Elegbede et al 27 reported that the anticarcinogenic activity of monotrepene was mediated through induction of hepatic detoxification enzymes GST and UDPGT.
To conclude, cow ghee opposed to soybean oil upregulated carcinogen detoxification activities of GGTP, UDPGT and QR in liver and GGTP and QR in mammary tissue, and downregulated the phase I activities of carcinogen activation, CYP1A1, CYP1A2, CYP1B1 and CYP2B1 in liver. These metabolic changes might have contributed to the decrease in DMBA induced incidence of mammary tumours observed in cow ghee fed rats compared to soybean oil fed ones 4 .
